SUPPLEMENTARY TABLES LEGENDS

Supplementary Table 1. ICD-9 codes used for phenotypic assignments
from PennOmics Resource. The listing of ICD-9 codes used to define each

phenotype variable used in the comorbidity analysis.

Supplementary Table 2. Results of co-morbidity diagnosis analysis,
stratified by ancestry. Provided are Odds ratios (OR), 95% confidence intervals
(Cl), from logistic regression statistics and significance assessments (Z, P) for
both the initial (age, sex, hypercalcemia) and full model (+ hypertension,
hypothyroid, hyperlipidemia, and hyperparathyroid). (A) All Ancestries, initial
model, (B) Whites ancestry, initial model, (C) Black ancestry only, initial model,
(D) All Ancestries, full model, (E) White ancestry only, full model, (F) Black

ancestry only, full model.

Supplementary Table 3. Summary-level data for Serum Calcium risk score
Variants on Migraine. (A) Individual level summary data for each variant used in
the genotype risk score, for Migraine - all samples, or stratified by Aura. (B)
Individual level summary data for each variant used in the Egger Regression

analysis. WA: with aura, WO: without aura.

Supplementary Table 4. Summary statistics for genetic instruments
(excluding rs1801725) used for casual inference analysis for Serum

Calcium and Migraine Traits.



SUPPLEMENTARY TABLE 1

PHENO-GROUP ICD9-CODE  ICD9-LABEL WAS-CODE-FOUND
HYPOTHYROID 243 CONGENITAL HYPOTHYROIDSM 1
HYPOTHYROID 244 ACQUIRED HYPOTHYROIDISM 1
HYPOTHYROID 244.0 POSTSURGICAL HYPOTHYROID 1
HYPOTHYROID 244.2 IODINE HYPOTHYROIDISM 1
HYPOTHYROID 2443 IATROGEN HYPOTHYROID NEC 1
HYPOTHYROID 244.8 ACQUIRED HYPOTHYROID NEC 1
HYPOTHYROID 244.9 HYPOTHYROIDISM NOS 1
HYPERPARATHYROIDISM 252.0 HYPERPARATHYROIDISM 1
HYPERPARATHYROIDISM 252.00 HYPERPARATHYROIDISM NOS 1
HYPERPARATHYROIDISM 252.01 PRIMARY HYPERPARATHYROID 1
HYPERPARATHYROIDISM 252.02 SEC HYPRPRTHYRD NONRENAL 1
HYPERPARATHYROIDISM 252.08 HYPERPARATHYROIDISM NEC 1
HYPERLIPIDEMIA 272.0 PURE HYPERCHOLESTEROLEM 1
HYPERLIPIDEMIA 272.2 MIXED HYPERLIPIDEMIA 1
HYPERLIPIDEMIA 272.4 HYPERLIPIDEMIA NEC/NOS 1
HYPERCALCEMIA 275.42 HYPERCALCEMIA 1
MIGRAINE 346 MIGRAINE 1
MIGRAINE 346.0 MIGRAINE WITH AURA 0
MIGRAINE 346.00 MGRN W AURA WO NTRC MGRN 1
MIGRAINE 346.01 MGRN W AURA W NTRC MGRN 1
MIGRAINE 346.02 MGRN W AUR WO NTRC MGRN 1
MIGRAINE 346.03 MGRN W AURA W NTRC MGRN 1
MIGRAINE 346.1 MIGRAINE WITHOUT AURA 1
MIGRAINE 346.10 MGRN WO AURA WO NTRC MGR 1
MIGRAINE 346.11 MGRN WO AURA W NTRC MGRN 1
MIGRAINE 346.12 MGRN WO AURA WO NTRC MGR 1
MIGRAINE 346.13 MGRN WO AURA W NTRC MGRN 1
MIGRAINE 346.2 VARIANTS OF MIGRAINE 1
MIGRAINE 346.20 VRNT MGRN WO NTR MGR NEC 1
MIGRAINE 346.21 VRNT MGRN W NTRC MGR NEC 1
MIGRAINE 346.22 VAR MGR NEC WO NTC MGR 1
MIGRAINE 346.23 VAR MGRN NEC W NTRC MGR 1
MIGRAINE 346.3 HEMIPLEGIC MIGRAINE 0
MIGRAINE 346.30 HMPLG MGR WO NTRC WO ST 1
MIGRAINE 346.31 HMPLG MGRN W NTRC WO ST 1
MIGRAINE 346.32 HMPLG MGRN WO NTRC W ST 0
MIGRAINE 346.33 HMPLG MGRN W NTRC W ST 0
MIGRAINE 346.4 MENTRUAL MIGRAINE 0
MIGRAINE 346.40 MENST MGR WO NTRC WO ST 1
MIGRAINE 346.41 MENSTL MGRN W NTRC WO ST 1
MIGRAINE 346.42 MENSTL MGR WO NTRC W ST 1
MIGRAINE 346.43 MENSTL MGRN W NTRC W ST 0
MIGRAINE 346.5 PERSISTENT MIGRAINE AURA WITHOUT CEREBRAL INFARCTION 0
MIGRAINE 346.50 PRST AURA WO INF/NTR/ST 1
MIGRAINE 346.51 PRS ARA W NTR WO INF/ST 1
MIGRAINE 346.52 PRS ARA WO INF/NTR W ST 1
MIGRAINE 346.53 PRS ARA WO INF W NTR/ST 1
MIGRAINE 346.6 PERSISTENT MIGRAINE AURA WITH CEREBRAL INFARCTION 1
MIGRAINE 346.60 PRS ARA W INF WO NTR/ST 1
MIGRAINE 346.61 PRS ARA W INF/NTR WO ST 0
MIGRAINE 346.62 PRS ARA W INF/ST WO NTR 0
MIGRAINE 346.63 PRS ARA W INF/NTR/ST 0
MIGRAINE 346.7 CHRONIC MIGRAINE WITHOUT AURA 1
MIGRAINE 346.70 CH MGR WO AR WO NT WO ST 1
MIGRAINE 346.71 CH MGR WO ARA W NT WO ST 1
MIGRAINE 346.72 CH MGR WO ARA WO NT W ST 1
MIGRAINE 346.73 CH MGR WO ARAW NTR W ST 1
MIGRAINE 346.8 OTHER FORMS OF MIGRAINE 0
MIGRAINE 346.80 OTHR MIGRNE WO NTRC MGRN 1
MIGRAINE 346.81 OTHR MIGRNE W NTRC MGRNE 1
MIGRAINE 346.82 OTH MGR WO NTRC W ST MGR 1
MIGRAINE 346.83 OTH MGR W NTRC W ST MGR 1
MIGRAINE 346.9 MIGRAINE 1
MIGRAINE 346.90 MIGRNE UNSP WO NTRC MGRN 1
MIGRAINE 346.91 MGRN UNSP W NTRC MGR STD 1
MIGRAINE 346.92 MGR NOS WO NTRC W ST MGR 1
MIGRAINE 346.93 MGRN NOS W NTRC W ST MGR 1
HYPERTENSION 401 ESSENTIAL HYPERTENSION 1
HYPERTENSION 401.0 MALIGNANT HYPERTENSION 1
HYPERTENSION 401.1 BENIGN HYPERTENSION 1
HYPERTENSION 401.9 HYPERTENSION NOS 1
HYPERTENSION 405 SECONDARY HYPERTENSION 1
HYPERTENSION 405.0 MALIGNANT SECONDARY HYPERTENSION 0
HYPERTENSION 405.1 BENIGN SECONDARY HYPERTENSION 0
HYPERTENSION 405.9 SECONDARY HYPERTENSION NOS 0
HYPERTENSION 405.91 RENOVASC HYPERTENSION 1
HYPERTENSION 405.99 SECOND HYPERTENSION NEC 1



SUPPLEMENTARY TABLE 2

TERM OR 95% ClI z P

SEX 3.50 (3.4,3.61) 81.77 ND

AGE (10 years) 0.934 (0.929, 0.939) -24.323 1.13E-130
HYPERCALCEMIA 1.58 (1.39,1.78) 7.232 4.75E-13
ANCESTRY-WHITE 1.33 (1.3,1.37) 21.068 1.55E-98

D. ALL ANCESTRIES, FULL MODEL

TERM OR 95% Cl z P

SEX 3.69 (3.58,3.8)  84.135 ND

AGE (10 years) 0.85 (0.845,0.856) -48.089  ND
HYPERCALCEMIA  1.23 (1.08,1.4)  3.13 0.00175
HYPERTENSION 1.48 (1.43,1.54) 22,634  2.01E-113
HYPERLIPIDEMIA 1.8 (1.74,1.87) 34.059  3.02E-254
HYPOTHYROID 1.44 (1.38,1.5)  17.238  1.38E-66

HYPERPARATHYROID 0.75
ANCESTRY-WHITE 1.38

(0.64,0.9) -3.228 0.00125
(1.34,1.42)  23.30618 3.84E-120

B. SELF-IDENTIFIED WHITE, INITIAL MODEL

TERM

SEX

AGE (10 years)
HYPERCALCEMIA

OR 95% Cl z P

3.29 (3.18,3.4) 68.605 ND

0.919 (0.913,0.925) -25.565  3.72E-144
1.60 (1.38,1.86) 6.118 9.48E-10

E. SELF-IDENTIFIED WHITE, FULL MODEL

TERM

SEX

AGE (10 years)
HYPERCALCEMIA
HYPERTENSION
HYPERLIPIDEMIA
HYPOTHYROID
HYPERPARATHYROID

OR 95% Cl z P

3.49 (3.37,3.61) 70.893  ND

0.84 (0.834,0.847) -44.264  ND

1.24 (1.06,1.46) 275 0.00596
1.23 (1.18,1.28)  10.105  5.23E-24
2.06 (1.98,2.14) 36722  3.30E-295
1.48 (1.41,1.54) 17.142  7.26E-66
0.75 (0.61,0.92) -2.807  0.00499

C. SELF-IDENTIFIED BLACK, INITIAL MODEL

TERM

SEX

AGE (10 years)
HYPERCALCEMIA

OR 95% Cl z P

4.29 (4.02,4.58) 43.829 ND
0.972 (0.962, 0.982) -5.387 7.17E-08
1.46 (1.17,1.81)  3.396 0.000684

F. SELF-IDENTIFIED BLACK, FULL MODEL

TERM

SEX

AGE (10 years)
HYPERCALCEMIA
HYPERTENSION
HYPERLIPIDEMIA
HYPOTHYROID
HYPERPARATHYROID

OR 95% CI z P

4.32 (4.04,4.61) 43.922 ND

0.868 (0.857,0.879) -21.317  7.83E-101
1.15 (0.92,1.45) 1.234 0.217
2.26 (2.12,2.4) 25.447 7.69E-143
1.23 (1.15,1.32) 5.833 5.43E-09
133 (1.19,1.49) 4.965 6.86E-07
0.79 (0.57,1.08) -1.477 0.14



SUPPLEMENTARY TABLE 3
A. INDIVIDUAL VARIANT SUMMARIES USING EXCLUSIVE SERUM CALCIUM ASSOCIATED VARIANTS

CHR POS-HG19 GENE Al_FREQ BETA-CA SE-CA PVAL-CA VA-EXPL-CA OR_MIGR-ALL SE_MIGR-ALL L95-MIGR-ALL U95-MIGR-ALL PVAL_MIGR-ALL OR_MIGR-WO SE_MIGR-WO L95-MIGR-WO U95-MIGR-WO PVAL_MIGR-WO OR_MIGR-WA SE_MIGR-WA L95-MIGR-WA U95-MIGR-WA PVAL_MIGR-WA
rs7336933 13 42559076 DGKH G A 0.8528  0.022 0.004 9.00E-10 6.28E-04 0.9978 0.0156 0.9674 1.0291 0.8876 0.9372 0.029355 0.8866 0.9906 0.021775 1.0118 0.030723 0.9501 1.0774 0.715372
rs1801725 3 122003757 CASR T G 0.1523  0.071 0.004 9.00E-86 6.72E-03 1.049 0.0155 1.0155 1.0835 0.0038 11 0.026153 1.0381 1.1659 0.001278 1.075 0.030147 1.006 1.1474 0.031735
rs10491003 10 9328651  GATA3 T C 0.0936  0.027 0.005 5.00E-09 6.39E-04 1.0073 0.0190 0.9695 1.0466 0.7087 1.0526 0.033136 0.9807 1.1299 0.155771 NA NA NA NA NA
rs1570669 20 52774427 CYP24Al G A 0.3397 0.018 0.003 9.00E-12 7.51E-04 1.0128 0.0116 0.9894 1.0367 0.2873 1.006 0.021036 0.9643 1.0495 0.782458 1.0223 0.023167 0.9748 1.072 0.363513

B. INDIVIDUAL VARIANT SUMMARIES - NON SERUM CALCIUM EXCLUSIVE ASSOCIATED VARIANTS

Al_FREQ BETA-CA SE-CA PVAL-CA VA-EXPL-CA OR_MIGR-ALL SE_MIGR-ALL L95-MIGR-ALL U95-MIGR-ALL PVAL_MIGR-ALL OR_MIGR-WO SE_MIGR-WO L95-MIGR-WO U95-MIGR-WO PVAL_MIGR-WO OR_MIGR-WA SE_MIGR-WA L95-MIGR-WA PVAL_MIGR-WA

rs780094 2 27741237 GCKR T C 0.4136  0.02 0.003 3.70E-11 1.00E-03 1.0100 0.0114 0.9873 1.0334 0.3895 0.9912 0.02056 0.9516 1.0324 0.669704 1.0059 0.023629 0.959 1.055 0.810246
rs17711722 7 65271197 VKORC1L1 T C 0.4734  0.021 0.003 2.78E-11 1.14E-03 0.9990 0.0114 0.9768 1.0217 0.9301 1.0086 0.020023 0.9687 1.0502 0.676828 1.0134 0.02263 0.9679 1.061 0.569312
rs7481584 11 3029089  CARS G A 0.7063  0.021 0.003 9.21E-10 9.45E-04 1.0179 0.0123 0.9929 1.0436 0.1621 1.0259 0.02156 0.9814 1.0723 0.259641 1.0229 0.024817 0.9718 1.076 0.384846
rs1550532 2 234264848 DGKD C G 0.312 0.018 0.003 4.60E-08 7.18E-04 1.0240 0.0123 0.99995 1.0486 0.0505 1.0371 0.022084 0.9938 1.0823 0.093949 1.038 0.02513 0.9888 1.09 0.132364



SUPPLEMENTARY TABLE 4

All Samples With Aura Without Aura
Odds Ratio* P Odds Ratio (95% P Odds Ratio (95% P
(95% CI) CI) CI)
Analyses using All Variants, excluding CASR (n=7)
1.62 2.51 1.53
Cumulative GRS ¥ 0.04 0.069 0.32
(1.02-2.58) (0.93-6.74) (0.67-3.49)
1.47 1.99 1.37
Unweighted GRS + 0.031 0.061 0.32
(1.04-2.08) (0.97-4.11) (0.74-2.55)
Weighted-median 1.65 2.23 1.53
e G;S';e ' 0.12 0.13 0.34
(0.90-2.98) (0.77-8.06) (0.56-5.27)

*. Odds ratios are given in units of fold increase in migraine risk per unit increase in serum calcium (1 mg/dl)
t: P-value and 95% CI from the normal distribution.
: P-value and 95% Cl calculated by bootstrapping (n=10,000)



